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ABSTRACT 
Vast Satcom Antenna (VASANT) is an ongoing system and business case development study for a very large radio-
frequency antenna (>>40m diameter) assembled and/or fabricated in space. Such an antenna would be enabling for 
radical new commercial satcom services to complement the coming broadband satcom constellations. The disruptive 
capabilities from such a high gain, high bandwidth antenna include potentially building penetration (at VHF) and support 
for very compact, omni-directional user terminals. 
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INTRODUCTION 
This paper outlines a study that is currently in 
progress under the UKSA National Space 
Technology Programme aiming to advance the case 
for vast satellite communications antennas in space 
within the mid-2020s.  The technology readiness is 
currently very low, as is the business readiness, 
however the commercial benefits and technology 
transfer could be significant. This short study aims to 
develop the basis of a business case and a roadmap to 
TRL3 by March 2019.  This paper sets out some of 
the preliminary considerations in the study. 
PURPOSE OF LARGE ANTENNAS 
Large antennas enable the formation of high gain spot 
beams to support very compact and/or compromised 
user terminals on Earth from high orbits. 
Very large broadband satellite antennas that could be 
realised in orbit would be a game changer in satellite 
telecommunications. The very high gain of these 
antennas will achieve link budgets enabling 
communication with hand-held mobile devices with 
internal built-in antennas similar to today’s terrestrial 
mobile devices. Minimising the disruption or change 
to the ground segment is a key consideration to 
ensure the system is commercially attractive. 
CURRENT STATE OF ART 
Currently large antennas for L and Ka band 
applications are deployed in orbit from unfurlable 
structures. The rationale for folding is to fit the 
antenna inside the launcher fairing. An example next 
generation Ka band deployable antenna is scalable up 
to 22m
1
. 
In-orbit assembly or fabrication of antennas larger 
than 100m diameter was foreseen in the 1970s using 
astronauts and the NASA space shuttle
2
.  Such 
designs remained on the drawing board and to date no 
vast satcom antenna (i.e. >>40m) has been 
implemented in space. 
USE CASES 
A wide range of use cases exists for VASANTs in 
Earth orbits including radio-astronomy and very high 
resolution SAR.  This study is concentrating on the 
strongest value propositions which are in satellite 
communications.  Satcom use cases include:  
 Consumer Broadband, 5G and Ultra High 
Density Services with very small beam size 
from a high number of spot beams 
 Aeronautical and mobility services with 
medium to small spot size 
 Secure government and military 
communications offering a mix of static and 
mobile services in global, regional and local 
cells. 
Of these, the consumer use case has the greatest 
potential commercial value.  For this we envisage a 
system with ultra-high capacity and efficient 
frequency reuse that can be achieved from a very 
high number (several thousand) of tight spot beams 
and persistent regional coverage from a GEO 
satellite. This would provide a service fully 
complementary to terrestrial mobile networks in the 
5G mobile communications era and beyond. 
IN-SPACE ASSEMBLY/FABRICATION 
A vast antenna would almost certainly need to be 
assembled or fabricated in space because the 
technology for deployables has scalability limits.  
Above 40m we consider that there is a positive 
benefit to space manufacture because:  
 launch fairings may not be large enough 
even for deployables 
 structural mass can be saved as an antenna 
built in space does not have to be 
strengthened to survive launch loads 
 a modular approach can provide efficient 
economies of scale in manufacturing and 
provide an effective performance impact 
mitigation approach in the case of failures 
via graceful degradation. 
The VASANT study will produce primary technical 
requirements for road-mapping but will be 
technology neutral.  VASANT will not specify how 
such an antenna would be fabricated - that is the 
subject of other activities. Robotic in-space assembly 
and manufacture has been discussed for some years
3
 
and is currently generating substantial R&D 
investments in the US and Europe. 
TRADE SPACE 
The trade space for the study concentrates on the 
space/ground system architecture and has been 
defined based on the following application 
assumptions: 
 Existing allocated satellite spectrum 
 Ka band (for the commercial use case) 
 Frequency re-use 
The trade space then encompasses: 
 LEO/MEO/GEO 
 Coverage envelope 
 Beam/cell size 
 Antenna gain 
 Antenna aperture size 
 Antenna Type  
 Element spacing 
 User terminal classes (omni 0dBi or 
directional) 
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 Waveform (single vs multi carrier, 
transparent or regenerative processing) 
 Frequency plan and duplexing 
The VASANT itself could be either a parabolic 
reflector type fed with a beam forming network or a 
distributed direct radiating array (see Figure 1). 
 
Figure 1. A future New Satcom concept for 2025-30 
showing very large reflective and direct radiating 
array antennas fabricated in space. The dimension 
shown (40m) is considered a minimum size. 
One of the highlighted trades is that with increasing 
frequency satellite beam(s) get narrower requiring 
more beams to cover a dispersed area and therefore 
require higher pointing accuracy and mechanical 
stability and/or a level of calibration in order to 
mitigate such impacts. 
SYSTEM LEVEL CHALLENGES 
The high level technical challenges for VASANT 
include the following: 
 Pointing and focus is key to system 
efficiency for both reflective and array-fed 
architectures.  The requirements will 
incorporate avoidance or correcting 
misalignments occurring during in-orbit 
manufacturing.  The avoidance strategy is 
based upon quantified/known acceptable 
performance deviations for corresponding 
mechanical tolerances. The correction 
strategy is based on mechanical trimming 
and end to end continuous system 
performance calibration/timing. 
 For a sparse distributed direct radiating array 
grating lobes are unavoidable. Grating lobes 
cannot be completely resolved or removed 
but detailed antenna designs used to predict 
the location and strength of such aberrations 
enable mitigating techniques to be 
employed. Adjustment to the antenna 
configuration can help disperse the lobes or 
direct them to non-mission critical regions 
on the ground. 
 Link budget closure with very small (0 to 3 
dBi) user terminals is critical for the 
business case. The link budget analysis is 
considering: atmospheric conditions, beam 
pointing errors and trimming, future 
smartphone (or application) capabilities and 
dimensioning for in-orbit antenna size and 
gain requirements.  
CONCLUSIONS AND NEXT STEPS 
VASANT is an ambitious concept enabling a radical 
new approach to satcoms. Through a technical 
analysis this study will produce much needed clarity 
on the market potential and the technology roadmap. 
The work is in a pre-commercial stage and external 
engagement is welcomed.  
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